













































































The system for the standard

Many of the veri cations required for IEC 61439 refer to a combination
of different products and components in a switchgear and controlgear
assembly. For example, evidence of protective circuit function requires
testing of a de ned protective circuit arrangement in a de ned enclo-
sure construction.

Tested, holistically designed system technology allows the veri ca-
tions required by the standard to be successfully prepared. Clear
design rules and standardised products facilitate the systematic

con guration of switchgear, which in turn enables systematic
record-keeping.

For individual switchgear and controlgear assembly which is not com-
pliant with standardised, tested system solutions, record-keeping for
short-circuit withstand strength and temperature rise

is very time-consuming.
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D The design veri cation must be provided by the switch-
gear and controlgear assembly manufacturer, especially
for individual switchgear and controlgear assemblies.

D The use of system solutions signi cantly reduces
the amount of work involved in preparing this

veri cation.
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Preparation of the design

veri cation
(excerpt from IEC 61439)

Foreword:

IEC 61439 defines the requirements applicable to all low-voltage
electrical switchgear and controlgear assemblies for the protection of
individuals and equipment. In short, this standard states that a low-
voltage switchgear and controlgear assembly is a functioning system
comprised of enclosures, switchgear, busbars and climate control
components.

Compliance with the structural requirements of this standard should be
documented by means of various individual verifications and a design
verification. Individual verifications may take the form of testing repre-
sentative samples, assessment techniques, or a structured compari-
son with a tested low-voltage switchgear and controlgear assembly.

In order to ensure the correct layout and functioning of every finished
low-voltage switchgear and controlgear assembly, a routine verification
should be prepared and documented when manufacturing is comple-
te, or no later than commissioning.

The standard divides responsibility for the manufacturing of a low-
voltage switchgear and controlgear assembly between the original
manufacturer and the assembly manufacturer. The assembly manu-
facturer is the organisation which produces and markets a ready-to-
use low-voltage switchgear and controlgear assembly for a customer
application. The original manufacturer is the organisation that originally
developed a switchgear system and who is responsible for estab-
lishing the nature of verification. The original manufacturer and the
assembly manufacturer may also be one and the same organisation.
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Particularly in the case of switchgear and controlgear that is individu-
ally designed and manufactured due to its application, the assembly
manufacturer of the switchgear combination is also responsible for
preparing the design verification.

I. The design veri cation:

Design verification is intended to verify that the design of an assembly
or assembly system is compliant with the requirements of this

series of standards.

Complete, detailed documentation of the individual design verifica-
tions for the switchgear and controlgear assembly system developed
by the original manufacturer, including all test reports and records,
should be prepared by the original manufacturer. The original manu-
facturer should also ensure the long-term (at least 10 years) archiving of
this documentation.

This detailed documentation needs not be forwarded to the assembly
manufacturer or user of a switchgear in order to confirm the design ve-
rification. A summary of the properties fulfilled by the switchgear and
controlgear assembly is sufficient. However, this design verification
summary should include the chosen verification method, the confir-
med measurement data and, where available, the corresponding test
report number or report number for each individual verification.

The various verifications confirm that the components combined in a
switchgear and controlgear assembly operate correctly together. For
this reason, certain verifications call for tests or comparisons which
can only be provided by verifying the combination of different products
(e.g. enclosure and busbars). The testing of individual devices or com-
ponents is no substitute for the verifications required for the design
verification.
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Example: Short-circuit protection of the protective circuit is a test
whose outcome will depend on the enclosure type selected and the
protective circuit components used. With this test, the enclosure and
protective circuit components are subjected to mechanical and electri-
cal stresses which influence the test result. As such, merely testing the
protective circuit components in isolation is not sufficient for verifica-
tion purposes.

For verification of temperature rise, the actual achievable rated current
and the rated diversity factor of the respective circuit should be indi-
cated for both the manufacturer and the user. Merely stating the rated
currents of the switchgear or individual components of the switchgear
and controlgear assembly is not sufficient, since this may not make
allowance for environmental influences and the influences of other
components in the switchgear and controlgear assembly. Generally
speaking, when defining the protection category of a switchgear and
controlgear assembly, the lowest possible protection category is desi-
rable, since with a high protection category (e.g. IP 54), a significant
derating of the switchgear or busbar rated currents is likely unless
further climate control measures are implemented, particularly with
high currents.

The actual achievable loads of the circuits in a switchgear and con-
trolgear assembly must be specified in order to define a clear perfor-
mance promise regarding the admissible loading of the switchgear
and controlgear assembly for the user and manufacturer.
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The following table shows the admissible techniques for documenting

the individual design verifications.

Available veri cation options

o . . Comparison
No. | Characteristic to be veri ed Section i with a Assess-
Testing
reference ment
design
1 Strength of materials and parts: 10.2
Resistance to corrosion 10.2.2 ] - -
Properties of insulating materials: 10.2.3
Thermal stability 10.2.3.1 ] - -
Resistance to abnormal heat and fire 10.2.3.2 ] - ]
due to internal electric effects
Resistance to ultra-violet (UV) radiation | 10.2.4 ] _ ]
Lifting 10.2.5 n _ -
Mechanical impact 10.2.6 ] _ -
Marking 10.2.7 ] _ -
2 Protection category of enclosures 10.3 ] - ]
3 Clearances 10.4 ] - -
4 Creepage distances 10.4 u - -
5 Protection against electric shock and 10.5
integrity of protective circuits:
Effective continuity of the connection 10.5.2 ] - -
between exposed conductive parts of
the assembly and the protective circuit
Short-circuit withstand strength of 10.5.3 L L -
the protective circuit
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Available veri cation options
Comparison
No. | Characteristic to be veri ed Section i with a Assess-
Testing
reference ment
design

Incorporation of switching devices _ _

6 and components 10.6 n

7 Internal glectncal circuits and 10.7 _ B -
connections

8 | Terminals for external conductors 10.8 - - u
Dielectric properties: 10.9

9 | Power-frequency withstand voltage 10.9.2 ™ _ _
Impulse withstand voltage 10.9.3 n _

10 | Temperature-rise limits 10.10 ] ] |

11 | Short-circuit withstand strength 10.11 ] ] -
Electromagnetic compatibility

12 10.12 ] - | ]
(EMC)

13 | Mechanical operation 10.13 ] - -

Taken from IEC 61439-1, Table D1, Annex D

lll. Information included in the design veri cation

The design verification serves to document compliance with the speci-
fications of this standard. It is comprised of 13 individual verifications.
For selected individual verifications, additional sub-verifications in sub-
categories may be required. If selected verifications are not required
due to the application, the respective verification should, as a minimum
requirement, state that verification on the basis of the standard is not
required in this instance.
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1) Strength of materials
Verification of material strength is divided into seven sub-points. If
an empty enclosure pursuant to IEC 62208 was used and no mo-
difications have been made which could influence the functioning
of the enclosure, no further strength testing of the materials for this
enclosure is required. Compliance with standard IEC 62208 should
then be confirmed in the design verification. However, verification
of the resistance of the insulating materials to abnormal heat and
fire for the components used in the busbar system and other insu-
lating materials should additionally be provided.

a. Resistance to corrosion

Resistance to corrosion can only be verified by testing. For resis-
tance to corrosion, the verification should stipulate the "testing"
method, the degree of severity and the test report number.

\
¥
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b. Properties of insulating materials — Thermal stability of
enclosures

This evidence is only required for enclosures made from insulating
materials, or parts made from insulating materials mounted on the
outside of the enclosure, and which are relevant to the protection
category. Verification should state that the test was passed at a
temperature of 70 °C, for a duration of 168 h, and with a recovery
time of 96 h, and should also include the method and the test
report number/report number.

c. Properties of insulating materials — Resistance to abnormal
heat and re due to internal electric effects
These properties should be verified using the "testing" method on
the material used, or using the "assessment" method with the data
sheets for the basic plastic material. Verification should state that
the properties of the insulating materials meet the requirements of
the glow-wire test depending on the three intended applications:
960 °C for parts necessary to retain current-carrying parts
in position
850 °C for enclosures intended for mounting in hollow walls
650 °C for all other parts

The design verification should include the test method, the result of
the test, and the test report or report number.

d. Resistance to ultra-violet (UV) radiation

Resistance to UV radiation only applies to enclosures and external
parts of switchgear and controlgear assembilies for outdoor instal-
lation. Verification may be provided by testing or by assessing the
data from the original material manufacturer. The design verifica-
tion should include the test method, the result of the test method,
and the test report or report number.
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e. Lifting

Verification for lifting can only be provided by testing. Verification
should state that the test was passed, indicating the maximum
number of sections that can be lifted and the maximum weight,
together with the test report number.

f. Mechanical impact

The impact resistance of a switchgear and controlgear assembly is
verified by testing. The design verification should state the method,
the tested IK protection category, and the corresponding test
report number.

g. Marking

There is no requirement to test markings made by moulding, pres-
sing, engraving or similar, as well as labels with a laminated plastic
surface. In such cases, it is sufficient to state the chosen technique
in the design verification. For all other types of marking, testing is
mandatory. The test outcome should be documented, stating the
test report number.

=
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2.) Protection category of enclosures
The degree of protection should be verified by testing. Where an
empty enclosure pursuant to IEC 62208 has been used, verification
via assessment is also admissible. The design verification should
state the method and the tested protection category. Where testing
is used, verification should also include the test report number.

3.) Clearances
Compliance with the required clearances can only be verified by
testing (measuring). To this end, the design verification should
state the method, the required minimum clearance, and the corre-
sponding test report number. The required rated impulse withstand
voltage may additionally be given.

4.) Creepage distances
Compliance with the required creepage distances can only be
verified by testing (measuring). To this end, the design verifica-
tion should state the method, the required minimum creepage
distance, and the corresponding test report number. For a more
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detailed description, the rated insulation voltage, degree of conta-
mination and material group may additionally be specified.

5.) Protection against electric shock and integrity of protective
circuits

Verification should take the form of two separate verifications.

a. Effective continuity between exposed conductive parts of
the assembly and the protective circuits

Verification can only be provided by means of testing. The design
verification should include the method, the test result, and the
corresponding test report number.

b. Short-circuit withstand strength of the protective circuit

The short-circuit withstand strength can be verified by testing or by
way of comparison with a reference design. The design verification
should state the chosen method, indication that the circuit passed
the short-circuit withstand strength test, and the test report number.
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6.) Incorporation of switching devices and components
The incorporation of switching devices and components can only
be verified using the assessment method. To this end, compli-
ance with the structural requirements defined in section 8.5 of IEC
61439-1 should be confirmed by means of a visual inspection.
The design verification should state the method "assessment via
inspection", the record number of the assessment, and the result.

7) Internal electrical circuits and connections
The correct design of the internal electrical circuits and con-
nections can only be verified using the assessment method. To
this end, compliance with the structural requirements defined in
section 8.6 of IEC 61439-1 should be confirmed by means of a
visual inspection. The design verification should state the method
"assessment via inspection”, the record number of the assessment,
and the result.

8.) Terminals for external conductors
The correctness of the connections for external conductors can
only be verified using the assessment method. To this end, com-
pliance with the structural requirements defined in section 8.8 of
IEC 61439-1 should be confirmed by means of a visual inspection.
The design verification should state the method "assessment via
inspection”, the record number of the assessment, and the result.

9.) Dielectric properties
This comprises two separate verifications.

a. Power-frequency withstand voltage
This verification can only be provided by means of testing. The

design verification should include the method, the test result, and
the corresponding test report number.
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b. Impulse withstand voltage
The impulse withstand voltage may be verified using the methods
"testing” or "assessment". With the testing method, verification may
be provided with

an impulse withstand voltage test

or a power-frequency voltage test

or a test with DC voltage
The design verification should therefore state the precise method,
the confirmed impulse withstand voltage, and the test report num-
ber. If the assessment method is used, verification should include
details of the method, the confirmed rated impulse withstand volt-
age, the required clearance (= 1.5 times the value shown in Table 1
of IEC 61439-1), the record number of the assessment, and the
result of the assessment.

10.) Veri cation of temperature rise

Verification of temperature rise is the
most time-consuming verification,
regardless of which method is used
(testing, derivation or assessment).
There are several methods to choose
from, and these methods impose
certain documentation requirements
on the manufacturer.

For verification of temperature rise, the options available are

testing
derivation of the rated values of similar variants or

calculation methods
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With the testing method, there are three test variants to choose

from:
The "verification of the complete assembly" (pursuant to section
10.10.2.3.5, IEC 61439-1), which entails testing the entire switch-
gear and controlgear assembly, is less time-consuming, but can
only be used for systems whose design is always identical.
With "verification considering individual functional units sepa-
rately and the complete assembly" (pursuant to section
10.10.2.3.6, IEC 61439-1), the individual outgoing functional units
are tested separately, and the entire assembly is also tested with
parallel operation of the outgoing functional units. This provides
the manufacturer with a statement on the maximum rated current
of the outgoing units, and a rated load factor for parallel operation
of the outgoing units. This means that the outgoing units may be
flexibly selected according to requirements. However, with this
test, no modifications may be made to the main busbar system.
The "verification considering individual functional units and the
main and distribution busbars separately as well as the com-
plete assembly" (pursuant to section 10.10.2.3.7, IEC 61439-1) is
intended for systems where both the number of enclosure
panels and the configuration of the panels must be modular and
modifiable. The test methods previously described do not satisfy
this requirement. With this verification method, as well as testing
the individual circuits as previously outlined, it is also necessary
to test the function of the main busbar system and the distribu-
tion busbar system to the most extreme load.

All the data produced by these test methods allows a statement to
be made regarding the maximum current carrying capacity of a cir-
cuit, which may differ from the rated data of the switchgear, depen-
ding on the test conditions. This information does not constitute an
integral part of the design verification but must be available to the
manufacturer of a low-voltage switchgear and controlgear assembly
in order to ensure standard-compliant design.
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The documentation of a planned switchgear and controlgear as-
sembly must state the permissible rated current | _ for each circuit.

Verification using the method "assessment of ratings for similar
variants" is based on various sets of regulations for switchgear and
controlgear assemblies, busbars and functional units. However, it
presupposes that the corresponding original tests are available.

Verification of heat rise using the "calculation" method is confined

to low-voltage switchgear and controlgear assemblies up to 630 A
and 1600 A. Low-voltage switchgear and controlgear assemblies
with higher currents must be verified using one of the other methods
previously described.

The calculation method for low-voltage switchgear and controlgear
assemblies with a rated current of no more than 630 A is limited to
enclosures with only one compartment and a maximum frequen-

cy of 60 Hz. If these conditions are met, provided the conditions
listed in points a) to g) of section 10.10.4.2.1 of IEC 61439-1 are
fulfilled, the temperature rise may be calculated and evaluated in
accordance with section 10.10.4.2.3 of IEC 61439-1.

The calculation method for low-voltage switchgear and controlgear
assemblies with a rated current of no more than 1600 A may be
used for enclosures with one or more compartments and a maximum
frequency of 60 Hz. If these conditions are met, provided the con-
ditions listed in points a) to i) of section 10.10.4.3.1 of IEC 61439-1
are fulfilled, the temperature rise may be calculated and evaluated
in accordance with section 10.10.4.3.1 of IEC 61439-1.

For verification of heat rise, the method should be stated in the
design verification:

If verification via testing is chosen, the precise test method, the
maximum rated current of the switchgear and controlgear
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assembly and the test report number should be stated. In the case
of verification from derivation, as well as stating the method, the
referenced original type with the test report number and derivation
result should also be given.

In the case of verification using one of the two calculation methods,
the verification should include the precise calculation technique, the
maximum rated current of the switchgear and controlgear assembly,
the number of the calculation record and the calculation result.

For all temperature rise verification methods, the detailed test
reports or calculation records need not be included with the design
verification, but should be archived with the original manufacturer
for the purposes of future traceability.

11) Short-circuit withstand strength
Short-circuit withstand strength may be verified using the methods
"verification by testing", "verification by comparison with a reference
design - utilising a check list" or "verification by comparison with a
reference design - utilising calculation”. If the method "verification by
comparison with a reference design — utilising a check list" is chosen,
the design verification should state
this method, the referenced original
model with the corresponding test
report number, and the outcome of
the comparison utilising the check list
provided in Table 13 of IEC 61439.
The standard does not permit deriva-
tion from one tested brand of switch-
gear to another, untested brand.

With the method "verification by com-
parison with a reference

design - utilising calculation”, the
design verification should state this
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method, the referenced original model with the corresponding test
report number, and the outcome of the calculation. If the "testing"
method is chosen, as well as stating the method, verification should
also include the maximum tested rated value and the test report
number. Here too, the details from the test reports, calculations and
comparisons are not an integral part of the design verification, but
should be archived with the original manufacturer to allow subse-
quent traceability.

12.) Electromagnetic compatibility (EMC)
Electromagnetic compatibility may be verified via testing or assess-
ment. The design verification should specify the chosen method
and the documented ambient condition (A or B). With the "assess-
ment" method, the record number of the assessment and the out-
come of the assessment, e.g. "EMC requirements met", should be
included. With the "testing" method, the test report number should
additionally be specified.

13.) Mechanical operation
Mechanical operation can only be verified by testing. The design
verification should state the "testing" method, the test report num-
ber and the test result.
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IV. Sample design veri cation

Design veri cation

to IEC 61439 -2

Manufacturer Model/code number
Section Veri cation description Criterion
10.2.2 Resistance to corrosion Severity test A for interior siting
10.2.3.1 Thermal stability of enclosures 70 °C for a duration of 168 h with
a recovery time of 96 h
10.2.3.2 Resistance of insulating 960 °C for parts necessary to re-
materials to abnormal heat tain current-carrying conductors
and fire due to internal electric in position;
effects 850 °C for enclosures intended
for mounting in hollow walls;
650 °C for all other parts
10.2.4 Resistance to ultra-violet (UV)
radiation
10.2.5 Lifting Test run with the maximum
mechanical load
10.2.6 Mechanical impact IK 10
10.2.7 Marking Engraving
10.3 Protection category of enclo- IP 54
sures
10.4 Clearances 5.5 mmforU, 6.0 kv
10.4 Creepage distances 16.0 mm for U, 1000 V, VSG 3,
WSG llla
10.5.2 Effective continuity between < 0.1 Ohm
exposed conductive parts of
the assembly and the protective
circuits
10.5.3 Short-circuit withstand strength Up to 30 kA with Rittal PE system

of the protective circuit

30 x 10 mm
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Date
Created by Design verification number
Veri cation method Product Report no.
Testing Rittal baying system TS 8 | B100712010008
Testing Rittal baying system TS 8 | B100712010008
Testing Rittal SV components Verification via manufac-
turer data sheet
Assessment Rittal baying system TS 8 | B100712010008
Testing Rittal baying system TS 8 | B100712010008
Testing Rittal baying system TS 8 | B100712010008
Not required
Testing Rittal baying system TS 8 | B100712010008
Testing Rittal RiLine60 1579.0263.7.163 /
1579.0797.5.293
Testing Rittal RiLine60 1579.0263.7.163 /
1579.0797.5.293
Testing Rittal PE system 1579.0263.7.289
30 x 10 mm
Testing Rittal PE system 1579.0263.7.289

30 x 10 mm
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Design veri cation

to IEC 61439 -2

Manufacturer Model/code number
Section Veri cation description Criterion
10.6 Incorporation of switching Compliance with the structural
devices and components requirement in section 8.5 for
the incorporation of switching
devices and components and the
response requirements for EMC.
10.7 Internal electrical circuits and Compliance with the structural
connections requirement in section 8.6 for
internal electrical circuits and
connections
10.8 Terminals for external Compliance with the structural
conductors requirement in section 8.8 for
terminals for external conductors
10.9.2 Power-frequency withstand Main circuits
voltage (Table 8, IEC 61439-1)
2200 VAC/3110 VDC for 800 V
< U, <1000 V
Auxiliary circuits
(Table 9, IEC 61439-1)
1500 VAC/2120 VDC for 60 V
<U,<300V
10.9.3 Impulse withstand voltage U1.2/50' 7.3 kV for U, 6.0 kv
10.10 Temperature-rise limits Verification by calculation for
systems up to 1600 A to 10.10.4.3
|, =800 A
10.11 Short-circuit withstand strength
10.12 Electromagnetic compatibility Ambient condition A
(EMC)
10.13 Mechanical operation
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Date
Created by Design verification number
Veri cation method Product Report no.
Assessment via Report |
inspection
Assessment via Report |
inspection
Assessment via Report |
inspection
Testing Rittal SV components 243/2011

Impulse withstand
voltage test

Rittal SV components

1579.2100.157.0530

Calculation to

Proof of calculation from

10.10.4.3 the assembly manufac-
turer
Testing Rittal RiLine60 — PLS1600 | 1579.0797.5.292 /
1579.0797.5.288 /
1579.0263.7.289
Assessment Report

Not required
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V. Veri cation of temperature rise using calculations

The following two chapters contain a more detailed description of the
verification of temperature rise using calculations and the verification
of short-circuit withstand strength. These verifications merit a more
in-depth description, since several additional requirements must be
observed.

There are two variations for the verification of temperature rise utilising
calculations, depending on the rated current of the assembly | , and
the design of the enclosure. As this technique lends itself to multiple
small or individual low-voltage switchgear and controlgear assemblies,
it is described in greater detail below. A distinction is made between
the simpler technique for low-voltage switchgear and controlgear
assemblies with rated assembly currents | , < =630 A which are
housed in a single enclosure, and a more detailed technique where
the rated assembly current must be | , <= 1600 A. With this tech-
nique, more than one enclosure may be used to accommodate the
equipment. Both calculation techniques may only be used for appli-
cations with a predominant internal current distribution frequency of
up to 60 Hz. However, certain rules regarding the engineering of the
low-voltage switchgear and controlgear assemblies must be observed
when applying this calculation technique. Verification cannot always
be retrospectively prepared via calculation for an existing low-voltage
switchgear and controlgear assembly, since certain basic require-
ments may be lacking.
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1) Calculation method with | , <= 630 A and max. 1 enclosure
Application of this technique is subject to the following
requirements:

a. The rated assembly current |, must not exceed 630 A.

b. The low-voltage switchgear and controlgear assembly must
only be installed in one enclosure.

c. Power loss figures for all planned operating equipment must be
available.

d. The switchgear and other heat loss producers must be evenly
distributed in the switchgear and controlgear assembly.
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e. All operating equipment must be dimensioned so as not to
exceed a maximum 80% load from the intended rated current

of the circuit | . The 80% refers to the device specifications for
the conventional free air thermal current |, or the rated current | .
Example: If the rated current | _ of the circuit is 8.0 A, the devices
selected for this circuit must be capable of carrying a minimum
current of 10 A according to the manufacturer's specifications.

f. The installed mechanical parts and operating equipment must
not significantly impair free air convection.

g. As far as possible, current-carrying conductors for more than
200 A must be laid in such a way that they do not create addi-
tional temperature rise as a result of eddy currents and hysteresis
losses.

h. The conductors used in the main current paths must be de-
signed for at least 125% of the intended rated current | _ of the
circuit. The conductor cross-section is selected in conformity with
IEC 60364-5-52. Busbar dimensioning may either be based on

a tested design or selected in accordance with Annex N of IEC
61439-1. If the equipment manufacturers prescribe larger cross-
sections for connecting their devices, these should be used.

i. The heat loss capacity of the enclosure used must be known
depending on the assembly type, or determined by means of
testing.

j. For additional active cooling measures, the cooling output must

be known from the manufacturer of the cooling unit as per the
type of application and usage conditions.
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If the information referred to in points a) to j) is known, the calculation
can begin. The power loss of every circuit is calculated based on the
rated current | _ of that circuit. The power loss of the devices (coils
and current tracks) as well as the losses of the conductors must be
ascertained for this purpose. The power loss of the conductors can be
calculated in accordance with Annex H of IEC 61439-1. Depending on
the conductor cross-section and length and how it is laid, the power
loss can be calculated from the information in this table.
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Table H.1 - Operating current and power loss of single-core copper
cables with a permissible conductor temperature of 70 °C (ambient
temperature inside the assembly 55 °C)

Golc0

Spacing at least one
cable diameter

OMOXO)

Conductor . . .
AR Single-core cables in a Single-core cables
9 cable trunking, on awall, | touching in free air or on Single-core cables
run horizontally. a perforated tray. s age d horizontall !
6 of the cables 6 of the cables P in free air Y.
(2 three-phase circuits) | (2 three-phase circuits)
continuously loaded continuously loaded
Cross- |Resistance Max. Power Max. Power Max. Power
sectional | of conduc- | operating | losses per | operating | losses per | operating | losses per
area of tor at current | conductor | current |conductor| current |conductor
conductor | 20 °C, R,* L P, [ P, (I P,
mm? mQ/m A W/m A W/m A W/m
1.5 12.1 8 0.8 9 13 15 3.2
25 7.41 10 0.9 13 15 21 3.7
4.61 14 1.0 18 1.7 28 4.2
3.08 18 11 23 2.0 36 4.7
10 1.83 24 13 32 23 50 54
16 1.15 33 15 44 2.7 67 6.2
25 0.727 43 1.6 59 3.0 89 6.9
35 0.524 54 18 74 3.4 110 7.7
50 0.387 65 2.0 90 3.7 134 8.3
70 0.268 83 22 116 4.3 171 9.4
95 0.193 101 2.4 142 4.7 208 10.0
120 0.153 117 25 165 5.0 242 10.7
150 0.124 - - 191 5.4 278 115
185 0.099 1 - - 220 5.7 318 12.0
240 0.075 4 - - 260 6.1 375 12.7

2 Values from IEC 60228:2004, Table 2 (multi-core conductors).
°Current carrying capacity |,, for a three-phase circuit to IEC 60364-5-52:2009, Table A-52-4, column 4 (laying type:
point 6 in Table B.52-3). k, = 0.8 (point 1 in Table B 52-17, two circuits).
©Current carrying capacity |, for a three-phase circuit to IEC 60364-5-52:2009, Table B-52-10, column 5 (laying type:
point F in Table B.52-1). Values calculated for cross-sections below 25 mm? to Annex D of IEC 60364-5-52:2009,
k, = 0.88 (point 4 in Table B.52-17, two circuits).
¢ Current carrying capacity |, for a three-phase circuit to IEC 60364-5-52:52, Table B-52-10, column 7 (laying type:
point G in Table B.52-1). Values calculated for cross-sections below 25 mm? to Annex D of IEC 60364-5-52:2009,

k,=1.

Source reference: IEC 61439-1, Table H1
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The total power loss is obtained by adding together all the calculated
power losses. However, it is important to remember that the total load
current is limited to the rated current |, of the low-voltage switchgear
and controlgear assembly.

The temperature rise of the low-voltage switchgear combination is
determined from the total power loss, the enclosure's capacity to dissi-
pate heat, and where applicable, any additional active cooling output.
The Rittal Power Engineering software is very useful for determining
the total power loss of the busbar system, the adaptors and equipment
mounted on it, and other power loss producers, since many of the
calculation functions are already included. Verification of temperature
rise is considered to apply provided the interior temperature calcu-
lated from the power loss does not exceed the maximum admissible
operating temperatures of the switchgear. Rittal Therm allows the user
to select a suitable device for enclosure cooling, and then calculate
the temperature rise in the enclosure interior.
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Example: Calculated power loss 630 A

Veri cation of temperature rise via calculation in accordance with 10.10.4.2 (up to 630 A):

Report no.:

Section height 2000 mm

Section width 800 mm

Enclosure depth 500 mm

Infeed and equipment data Protective switch
Circuit | Description No. of poles | I . RDF | I *RDF | Rated Power loss
no. of circuit in circuit device of main
current | contacts
per pole
A A w
1 Infeed 3 315 1 261.8 400 24
o | Busbar 3 2618 | 1 | 2618 - -
calculated
Busbar
3 (values from Rittal 3 1 0 - -

Power Engineering)

Total outgoing circuits
4 (values from Rittal 3 0 - -
Power Engineering)

5 Screw conveyor 1 3 6.6 0.8 53 10 2
6 Screw conveyor 2 3 6.6 0.8 53 10 2
7 Crusher drive 1 3 60 1 60 80 7
8 Crusher drive 2 3 60 1 60 80 7
9 Vibrating chute 3 15 0.8 12 225 4
10 Vibrating screen drive 3 215 | 0.8 17.2 30 55
11 Filter drive 3 9.8 0.8 7.9 12.5 2.2
12 Elevator 3 22 0.8 17.6 30 24
13 Air dryer 3 45 1 45 60 53
14 Building distributor 3 63 0.5 315 80 7
15 0
16 0
17 0
18 0
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Section no. Section description
Created by: Date:
Enclosure siting type 1 Ambient temperature surrounding the
enclosure 35 °C
Effective enclosure surface area 5.240 m? Maximum admissible enclosure internal
temperature 55 °C
Switchgear, contactor Connection conductor circuit Power losses
Rated Power Power No. of Laying Length | Cross- | Effec- Effec- Total
device loss of loss of conduc- | type ¥ section | tive tive circuit
current| | main coil, tors con- device | power
contacts | conver- ductor | power | loss
per ter power | loss
pole loss
A w w m mm? W w w
3 3 3 10x24x1| 63.37 | 23.14 | 8651
- - - 3 4 4 30x 10 6
- - - - - - - - - 68
10 0.42 1 3 3 22 15 2.64 3.04 5.68
10 0.42 1 3 3 2.2 15 2.64 3.04 5.68
80 5 3 3 3 2.2 25 20.7 23.25 | 43.95
80 5 3 3 3 2.2 25 20.7 23.25 43.95
225 1.24 2 3 3 2.2 2.5 7.98 6.48 14.46
30 1.24 2 3 3 2.2 4 10.47 8.65 19.12
13 0.7 1 3 3 2.2 1.5 5.86 4.42 10.28
30 2.4 2 3 3 2.2 4 10.96 6.96 17.92
60 4 2 3 3 22 16 18.46 17.7 36.16
3 3 22 25 5.71 3.26 8.97
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0




Infeed and equipment data Protective switch

Circuit | Description No. of poles RDF || *RDF | Rated Power loss
no. of circuit in circuit device of main
current | contacts
per pole

19
20
21
22
23
24
25
26
27
28
29

o|lojlo|jo|lo|lo|lo|jo|o|o|O

Other power loss produ-
30 cers, such as power 0
packs, transformers etc.

Total I, * RDF 2618

U nput options for laying type

1 = Single-core conductors in sealed trunking

2 = Single-core conductors in a perforated tray

3 = Single-core conductors in free air with spacing in the conductor diameter
4 = Main busbar system

Area calculation Individual areas Area factor A*b

A, b

m? m?
Roof 0.400 14 0.560
Front 1.600 0.9 1.440
Back 1.600 0.9 1.440
Left side 1.000 0.9 0.900
Right side 1.000 0.9 0.900

Effective surface area A, 5.240 m?
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Switchgear, contactor Connection conductor circuit Power losses
Nominal | Power Power No. of Laying Length | Cross- | Effec- Effec- | Total
device | loss of loss of conduc- | type ¥ section | tive tive circuit
current | main coil, tors con- device | power
contacts | conver- ductor | power | loss
per ter heat loss
pole loss
A W w m mm? w w w
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
105 0 0 105 105
Enclosure siting type Total power loss [W] 463.4
;f :ng!v!gua: enc:osure,ffree-stand:ng . ) Additional power loss
7 - Ind!v!dual enclosure for gxterrl}a wa -_mountmfg dissipation from ventilation/ 200
= Individual enclosure for in-wall mounting (roo climate control [W]
covered)
Power loss difference [W] 263.4
Temperature rise of,
enclosure [K] 9.2
Enclosure internal
temperature [°C] 44.2
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2.) Calculation method with |, <= 1600 A
This calculation method is rather more time-consuming, and the tempe-
rature of the enclosure interior must be calculated in accordance with
IEC 60890. To this end, the previously mentioned requirements for the
method with |_, up to 630 A must be met, and various other information
must be available in order to apply this method:
a. The rated current of the system | , must not exceed 1600 A.
b. The low-voltage switchgear and controlgear assembly may be fitted
in an enclosure or multiple enclosure panels bayed together.
c. Details of the heat losses of all planned equipment must be
available.
d. The switchgear and other power loss producers must be evenly
distributed.
e. All operating equipment must be dimensioned so as not to exceed
a maximum 80% load from the intended rated current of the circuit | _.
The 80% refers to the device specifications for the conventional free air
thermal current |, or the rated current | .
Example: If the rated current | of the circuit is 8.0 A, the devices
selected for this circuit must be capable of carrying a minimum current
of 10 A according to the manufacturer's specifications.
f. The installed mechanical parts and operating equipment must not
significantly impair free air convection.
g. As far as possible, current-carrying conductors for more than 200 A
must be laid in such a way that they do not create additional tempera-
ture rise as a result of eddy currents and hysteresis losses.
h. The conductors used in the main current paths must be designed
for at least 125% of the intended rated current | _ of the circuit. The
conductor cross-section is selected in conformity with IEC 60364-5-
52. Busbar dimensioning may either be based on a tested variant, or
selected in accordance with Annex N of IEC 61439-1. If the equipment
manufacturers prescribe larger cross-sections for connecting their
devices, these should be used.
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i. If natural ventilation is provided,
the area of the air outlet opening
should be at least 1.1 times the air
inlet opening.

j. The enclosure panels should
have no more than three horizon-
tal divisions or dividing plates.

k. If the low-voltage switchgear
and controlgear assembly has
compartments and is to be
cooled with natural ventilation,
the ventilation openings for each
horizontal subdivision should be at least 50% of the cross-section
of the compartment footprint.

If the information referred to in points a) to k) is known, calculation of
the heat loss can begin. The power loss of every circuit is calculated
based on the rated current | _ of that circuit. The power loss of the de-
vices (coils and current tracks) as well as the losses of the conductors
must be ascertained for this purpose. The power loss of the conduc-
tors can be calculated in accordance with Annex H of IEC 61439-1.
Depending on the conductor cross-section and length and how it is
laid, the power loss can be calculated from the information in this table.
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Table H.1 - Operating current and power loss of single-core copper
cables with a permissible conductor temperature of 70 °C (ambient
temperature inside the assembly: 55 °C)

Golc0

Spacing at least one
cable diameter

OMOXO)

Conductor . . .
AR Single-core cables, in a Single-core cables
9 cable trunking, on awall, | touching in free air or on Single-core cables
run horizontally. a perforated tray. s age d horizontall !
6 of the cables 6 of the cables P in free air Y.
(2 three-phase circuits) | (2 three-phase circuits)
continuously loaded continuously loaded
Cross- |Resistance Max. Power Max. Power Max. Power
sectional | of conduc- | operating | losses per | operating | losses per | operating | losses per
area of tor at current | conductor | current |conductor| current |conductor
conductor | 20 °C, R,* L P, [ P, (I P,
mm? mQ/m A W/m A W/m A W/m
1.5 12.1 8 0.8 9 13 15 3.2
25 7.41 10 0.9 13 15 21 3.7
4.61 14 1.0 18 1.7 28 4.2
3.08 18 11 23 2.0 36 4.7
10 1.83 24 13 32 23 50 54
16 1.15 33 15 44 2.7 67 6.2
25 0.727 43 1.6 59 3.0 89 6.9
35 0.524 54 18 74 3.4 110 7.7
50 0.387 65 2.0 90 3.7 134 8.3
70 0.268 83 22 116 4.3 171 9.4
95 0.193 101 2.4 142 4.7 208 10.0
120 0.153 117 25 165 5.0 242 10.7
150 0.124 - - 191 5.4 278 115
185 0.099 1 - - 220 5.7 318 12.0
240 0.075 4 - - 260 6.1 375 12.7

2 Values from IEC 60228:2004, Table 2 (multi-core conductors).
°Current carrying capacity |,, for a three-phase circuit to IEC 60364-5-52:2009, Table A-52-4, column 4 (laying type:
point 6 in Table B.52-3). k, = 0.8 (point 1 in Table B 52-17, two circuits).
©Current carrying capacity |, for a three-phase circuit to IEC 60364-5-52:2009, Table B-52-10, column 5 (laying type:
point F in Table B.52-1). Values calculated for cross-sections below 25 mm? to Annex D of IEC 60364-5-52:2009,
k, = 0.88 (point 4 in Table B.52-17, two circuits).
¢ Current carrying capacity |, for a three-phase circuit to IEC 60364-5-52:52, Table B-52-10, column 7 (laying type:
point G in Table B.52-1). Values calculated for cross-sections below 25 mm? to Annex D of IEC 60364-5-52:2009,

k,=1.

Source reference: IEC 61439-1, Table H1
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The total power loss is obtained by adding together all the calculated
power losses. However, it is important to remember that the total load
current is limited to the rated current | , of the low-voltage switchgear
and controlgear assembly.

The temperature rise of the low-voltage switchgear and controlgear
assembly is calculated using the total power loss ascertained, apply-
ing the technique to IEC 60890. Here too, the Rittal Power Engineering
software can be used to determine total power loss. However, the
enclosure internal temperature must be calculated using one of the
methods specified in IEC 60890.

Verification of temperature rise is considered to apply provided the
interior temperature calculated from the power loss does not exceed
the maximum admissible operating temperatures of the switchgear. In
derogation of the technique for currents up to 630 A, with this method,
different temperatures are determined via a diagram, which means
that when testing switchgear and its maximum operating temperature
in the upper section of a switchgear and controlgear assembly, higher
temperatures are ascertained than in the lower section. For assess-
ment purposes, this means that the maximum admissible temperatures
should be taken into account for different sections of a switchgear and

controlgear assembly.
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Example: Calculated power loss 1600 A

Veri cation of temperature rise via calculation in accordance with 10.10.4.3 (up to 1600 A):

Report no.:

Section height 2000 mm

Section width 1600 mm

Enclosure depth 500 mm

Infeed and equipment data Protective switch
Circuit | Description No. of poles | I RDF || *RDF | Rated Power loss of
no.. of circuit in circuit device main contacts
current || per pole
A A W
1 Infeed 3 800 1 525.8 1000 91
o | Busbar 3 5258 | 1 | 5258 - -
calculated
Busbar
3 (values from Rittal 3 1 0 - -

Power Engineering)

Total outgoing circuits
4 (values from Rittal 3 0 - -
Power Engineering)

5 Screw conveyor 1 3 6.6 0.8 53 10 2
6 Screw conveyor 2 3 6.6 0.8 53 10 2
7 Crusher drive 1 3 180 1 180 250 41
8 Crusher drive 2 3 60 1 60 80 7
9 Vibrating chute 3 15 0.8 12 225 4
10 Vibrating screen drive 3 215 | 0.8 17.2 30 55
11 Filter drive 3 9.8 0.8 7.9 12.5 2.2
12 Elevator 3 22 0.8 17.6 30 2.4
13 Air dryer 3 45 1 45 60 53
14 Building distributor 3 63 0.5 315 80 7
15 ixﬁs&:’;“”"em' 3 180 | 0.8 | 144 250 35
16 0
17 0
18 0
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Section no. Section description

Created by:

Date:

Enclosure siting type 1

Ambient temperature surrounding the
enclosure 35 °C

Effective enclosure surface area 8.680 m?

Maximum: Admissible enclosure internal
temperature 55 °C

Air inlet openings 0 cm?

No. of horizontal divider panels 0

Switchgear, contactor Connection conductor circuit Power losses
Rated Power Power No. of Laying Length | Cross- | Effective | Effec- | Total
device loss of loss of conduc- | type ¥ section | conduc- | tive circuit
current |, cmoanl?acts coil tors tor device | power
per power power | loss
pole loss loss
A W W m mm? W W W
3 3 1.4 60 x 10 51.04 76.31 | 127.35
- - - 3 4 4 30x10 22
10 0.42 1 3 3 2.2 15 2.64 3.04 5.68
10 0.42 1 3 3 22 15 2.64 3.04 5.68
250 28 3 3 3 22 120 39.07 | 110.31 | 149.38
80 5 3 3 3 2.2 25 20.7 23.25 43.95
225 1.24 2 3 3 22 25 7.98 6.48 14.46
30 1.24 2 3 3 2.2 4 10.47 8.65 19.12
13 0.7 1 3 3 2.2 15 5.86 4.42 10.28
30 24 2 3 3 2.2 4 10.96 6.96 17.92
60 4 2 3 3 22 16 18.46 17.7 36.16
3 3 22 25 571 3.26 8.97
3 3 2 120 22.74 34.84 57.58
0 0 0 0
0 0 0 0
0 0 0 0
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Infeed and equipment data

Protective switch

Circuit | Description
no. of circuit

No. of poles
in circuit

RDF

I, *RDF

Rated
device
current |

Power loss of
main contacts
per pole

A

w

19

20

21

22

23

24

25

26

27

28

29

30

Total |_* RDF

0
0
0
0
0
0
0
0
0
0
0
0
5.

525.8

U Input options for laying type
1 = Single-core conductor in sealed trunking

2 = Single-core conductor in a perforated tray

3 = Single-core conductor in free air with spacing in
conductor diameter
4 = Main busbar system

Area calculation Individual areas A Area factor b A*b
m? m?

Roof 0.800 1.4 1.120

Front 3.200 0.9 2.880

Back 3.200 0.9 2.880

Left side 1.000 0.9 0.900

Right side 1.000 0.9 0.900

Effective surface area A, 8.680 m?

Temperature calculation

Air inlet openings of the panel 0 cm?

Enclosure constant k 0.107

Factor for horizontal divider panels d 1.00

Effective power loss 518.53 Watts

Exponent for P, 0.804

P*= P, ~exponent 153 Watts

At0.5 = k*d*P* 16.4 K

Temperature distribution factor ¢ 1.222

At1.0 = c*At0.5 20 K
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Switchgear. contactor Circuit conductor connection Power losses
Rated Power Power No. of Laying Length | Cross- | Effec- Effec- | Total
device | loss of loss of conduc- | type ¥ section | tive tive circuit
current | main coil tors con- device | power
contacts ductor | power | loss
per power | loss
pole loss
A W W m mm? W W W
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
Enclosure siting type Total power loss [W] 518.53
1 = Individual enclosure, free-standing .
I . Additional heat loss
2 = Individual enclosure for external wall-mounting I -
o ! " . dissipation from ventilation/ 0
3 = First or last enclosure in a suite, free-standing .
o . " . climate control [W]
4 = First or last enclosure in a suite for wall mounting
5 = Middle enclosure, free-standing Power loss difference [W] 518.53
6 = Middle enclosure for external wall-mounting -
s ) . Top section of the enclosure
7 = Individual enclosure for in-wall mounting (roof
covered) Temperature rise of enclosure [K] ~ 20.0
Enclosure internal temperature [°C]  55.0
Lo
Middle section of the enclosure
Temperature rise of enclosure [K] ~ 16.4
aiidl | Enclosure internal temperature [°C] ~ 51.4
am

Enclosure height as factor

5 3 i 13 » -

Excess air temperature
inside the enclosure (K)




VI. Veri cation of short-circuit withstand strength

Short-circuit withstand strength may be verified by means of a compa-
rison with a reference design (via calculation or use of a check list)

or by testing.

Please note that it is not necessary to verify all circuits separately.
Instead, by observing a few rules, a few selected circuits may be veri-
fied using the techniques described.

Under certain conditions, verification may not even be necessary.

a. Low-voltage switchgear and controlgear assemblies with a
rated short-circuit withstand strength or a conditional rated short-
circuit withstand current up to a maximum of 10 kA effective value
need not be verified.

b. If a low-voltage switchgear and controlgear assembly or a cir-
cuit is protected by a current-limiting safety device which limits the
cut-off current to a maximum of 17 kA, verification is not required.

c. Auxiliary circuits connected to transformers with a secondary
rated voltage of 110 V or above and a rated output of no more than
10 kVA, and auxiliary currents with less than 110 V and a rated out-
put of no more than 1.6 kVA are likewise exempt from verification.

Particularly for many smaller equipment outputs, therefore, verification
is not required, since protective gear up to 630 A, such as moulded-
case circuit-breakers and motor circuit-breakers, often has current-
limiting functions that limit the cut-off current to below 17 kA. With re-
gard for the specified short-circuit current present at the supply point,
it is relatively easy to check, using the cut-off characteristics for the
device, whether or not verification is required for the circuit in question.
If the prospective short-circuit current of the supply system in a low-
voltage switchgear and controlgear assembly is not known, and the
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assembly is to be manufactured for a maximum cut-off current of

17 kA, the documentation should state that the supply to this low-volta-
ge switchgear and controlgear assembly must be limited to a maximum
cut-off current of 17 kA. However, it is also important to ensure that it is
technically feasible to implement such a limited power supply.

A further criterion governing which circuits are subject to testing is
derived from application of the check list in Table 13 of IEC 61439-1. If
a tested low-voltage switchgear and controlgear assembly is available
to serve as a reference design, the check list allows the user to deter-
mine whether verification using this method is admissible. The fact that
the check list was applied should likewise be recorded in the report.

If complete verification or verification of individual circuits is not possi-
ble because not all the requirements on the checklist can be answered
with "Yes", the method "Comparison via calculation or testing" should
be used to obtain the missing verification.

For verification by comparison, please note that the standard does
not permit derivation from one tested brand of switchgear to another,
untested brand (see also point 6 of the checklist on page 68).

=
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Table 13 - Short-circuit verification by comparison with a reference
design: Check list (10.5.3.3, 10.11.3 and 10.11.4)

Point

No Elements to be assessed YES | NO

Is the short-circuit withstand rating of each circuit in the assembly to
be assessed, less than or equal to the reference design?

Are the cross-section dimensions of the busbars and connections of
2 each circuit of the assembly to be assessed, greater than or equal
to those of the reference design?

Is the centre line spacing of the busbars and connections of each
3 | circuit of the assembly to be assessed, greater than or equal to
those of the reference design?

Are the busbar supports of each circuit of the assembly to be
assessed of the same type, shape and material, and do they have
the same or smaller centre line spacing across the length of the
busbar as the reference design?

Are the material and the material properties of the conductors of
5 | each circuit of the assembly to be assessed the same as those of
the reference design?

Are the short-circuit protective devices of each circuit of the assembly
to be assessed equivalent, i.e. of the same make and series 2 with

6 identical or superior current limitation characteristics (1, | pk) based on
the device manufacturer's data, and with the same arrangement as
the reference design?

Is the length of unprotected live conductors, in accordance with

7 |8.6.4, of each non-protected circuit of the assembly to be assessed
less than or equal to those of the reference design?

1

If the assembly to be assessed includes an enclosure, did the
reference design include an enclosure when verified by test?

Is the enclosure of the assembly to be assessed of the same

9 | design and type, and does it at least have the same dimensions,
as the reference design?

Are the compartments of each circuit of the assembly to be assessed
10 | of the same mechanical design and at least have the same dimensions
as those of the reference design?

"YES" to all requirements — No other verification required.
"NO" to any one requirement — Further verification required.

 Short-circuit protective devices of the same manufacturer but a different series may be considered equivalent where
the device manufacturer declares the performance characteristics to be the same or better in all relevant aspects to the
series used for verification, e.g. breaking capacity, current limitation characteristics (12, |.,) and critical distances.

Taken from IEC 61439-1 Annex H
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For verification by comparison utilising calculation, the short-circuit
withstand strength of busbar systems or solid busbar connections
should be verified by a calculation pursuant to IEC 60865-1. However,
calculation may only produce a lower peak short-circuit current with-
stand or a lower temperature rise than for the low-voltage switchgear
and controlgear assembly used as a reference. With this verification
method, points 6, 8, 9 and 10 of Table 13 must also be met for verifica-
tion purposes. If verification cannot be obtained with this method either,
the "testing" method must be used.

The test is carried out on a low-voltage switchgear and controlgear as-
sembly as a reference. Identical functional units need not be re-tested,
provided they can be considered equivalent in accordance with Table 13.
When testing circuits with fuses, the make and model must be speci-
fied in the documentation of the manufactured low-voltage switchgear
and controlgear assembly. During the test, the outgoing circuits, inco-
ming circuits and main busbar systems are tested separately. Neutral
conductors may be tested with reduced short-circuit currents but no
less than 60% of the three-phase short-circuit current.

In particular, the testing of busbar systems in the enclosure with the
mechanical assembly components should be available as a tested
reference, since this is a requirement for testing (with the exception of
low-voltage switchgear and controlgear assemblies in all-insulated
enclosures). With short-circuit testing, an indicator should be used to
verify that no fault current of more than 1500 A has discharged via the
enclosure. For this reason, once again, testing the busbar system with-
out a corresponding enclosure is insufficient for verification purposes.
As verification by testing necessitates the most cost-intensive record-
keeping, it is important to consider the intended usage of tested system
components during the planning and engineering stage of a low-volta-
ge switchgear and controlgear assembly.

=
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VII. Veri cation records of individual switchgear
and controlgear assemblies

In the area of switchgear and controlgear assembly for machines, pro-
cesses and plants, no two switchgears are usually the same. As such,
it is not usually possible to make derivations from a tested assembly
unless compiled from a modular system, such as the Rittal Ri4Power
system. However, design verification is required for such individual
systems in order to meet conformity assessment requirements and
other statutory requirements.

This is also the point at which the manufacturer of the switchgear
and controlgear assembly becomes the original manufacturer and be-
comes responsible for preparing the design verification. This may give
rise to some debate over who within the manufacturer's organisation

is responsible for preparing the design verification. Generally spea-
king, depending on the individual verifications, responsibility will rest
with the engineering department, since it performs the selection and
dimensioning of products, from which data is obtained which is later
incorporated into the documentation of the switchgear and control-
gear assembly. The company's manufacturing division is responsible
for compliance with the production guidelines and preparation of the
routine verification.

Some verifications are easily met and documented, provided system
technology from Rittal is used. Rittal already has individual verifica-
tions for the mechanical strength of materials in Rittal components,
which are available to switchgear manufacturers for design verification
purposes. Similarly, verifications of protection category, clearance and
creepage distances as well as verifications of the functioning of pro-
tective circuits are available to switchgear and controlgear assembly
manufacturers for the Rittal system.

Verifications for the incorporation of operating equipment, for internal
wiring and for external connections of lines and cables can only be
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prepared by the manufacturer of the switchgear and controlgear as-
sembly. Rittal can supply prepared check lists to assist manufacturers
with record-keeping, and make the design verification process much
simpler. Insulating properties must be verified by the manufactu-
rer of the switchgear and controlgear assembly by testing the dielec-
tric strength at operating frequency. Surge voltage resistance can be
verified by Rittal by testing the system technology in its enclosures.
Temperature rise can be verified using the calculation methods outli-
ned in chapter V. Rittal Power Engineering and Rittal Therm are two ex-
tremely useful software tools featuring a host of valuable, time-saving
functions to assist you with this task.

Short-circuit withstand strength can be verified by Rittal if using Rittal
system products for power distribution, since these have all been veri-
fied by testing in Rittal enclosures. The relevant technical data is freely
available in the relevant documentation.

Electromagnetic compatibility is relatively easy to verify, provided
EMC-relevant devices are installed and used in accordance with the
manufacturer's instructions. This will eliminate the need for time-
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consuming tests, and the project planner can easily meet and confirm
verification using the "assessment" method.

Verification of mechanical function is only necessary if the switchgear
and controlgear assembly has particular mechanical functions. The
mechanical function of devices such as the insertion function of a
circuit-breaker need not be tested, since this function has already

be verified by the device manufacturer via the device. If there are no
additional mechanical functions, the comment "not required" should be
included with this individual verification.

Particularly in the case of individual switchgear and controlgear
assembly, for easier identification, as well as providing details of
individual verifications, the design certificate should also contain the
following information:

Manufacturer of the assembly,

a type designation or identification number,

date of preparation of the design verification and

name of the person preparing the design verification.
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VIII. The routine veri cation

The routine verification for a switchgear and controlgear assembly is
used to ascertain material defects or manufacturing defects during the
production of a switchgear and controlgear assembly. Any switchgear
and controlgear assembly that is marketed must have its function and
safety confirmed by a routine verification. The results of the tests for
the routine verification must be documented. In addition to the indivi-
dual verifications, the routine verification must also contain manufac-
turer data about the switchgear and controlgear assembly and a type
designation or identification number which must match the rest of the
documentation.

The individual verifications for the routine verification are divided into
construction requirements and performance requirements.
The following individual verifications must be provided:

1) Protection category of enclosures

The degree of protection should be verified by means of a visual
inspection. Checks must be
carried out to ensure that all
measures for compliance with
the designated degree of pro-
tection have been implemen-
ted. The routine verification
contains the individual verifi-
cation, the test specification,
the test result, the name of the
person performing the test,
and the documentation date.
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2.) Clearance and creepage distances
If the clearance distances are less than the values specified in
IEC 61439-1 or the data in the assembly documentation, an impul-
se voltage withstand test must be carried out.
If the clearance distances are not evident by visual inspection to
be larger than specified in Table 1 of IEC 61439-1 or the data in
the assembly documentation, verification can either be provided
by physically measuring the clearance distance or by carrying out
an impulse voltage withstand test.
If the clearance distances are evident by visual inspection to be
larger, this should be noted in the verification, and more detailed
testing is not necessary in such cases.

The clearance distances should also be verified by means of a
visual inspection. If the creepage distance is not evident by visual
inspection to be larger than the required value, compliance with
the specification must be confirmed by physical measurement.
The routine verification contains the individual verification, the test
specification, the test result, the name of the person performing
the test, and the documentation date.

3.) Protection against electric shock and integrity of protective
circuits
The prescribed measures for compliance with basic protection
and fault protection must be verified by means of a visual inspec-
tion. Screw-fastened connections in the protective circuit system
must be checked on a random sample basis. The routine verifica-
tion contains the individual verification, the test specification, the
test result, the name of the person performing the test, and the
documentation date.
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4.) Incorporation of built-in components
The installation and identification of built-in components must
comply with the specifications in the manufacturing documenta-
tion. This shall also include the specifications from the respective
component manufacturer. The routine verification contains the in-
dividual verification, the test specification, the test result, the name
of the person performing the test, and the documentation date.

5.) Internal electrical circuits
The internal connections of the circuits should be tested. Con-
nections, especially screw connections, should be checked on a
random sample basis. The conductors used must comply with the
production documents. The routine verification contains the indivi-
dual verification, the test specification, the test result, the name of
the person performing the test, and the documentation date.

6.) Terminals for external conductors
The number, type and identification of the terminals must be com-
plete and consistent with the production documents. The routine
verification contains the individual verification, the test specifica-
tion, the test result, the name of the person performing the test,
and the documentation date.

7) Mechanical operation
The mechanical operation of fasteners, actuator elements and
locks, including those associated with removable parts, must
be checked. For the routine verification, this should include, for
example, the mechanical operation of a withdrawable circuit-
breaker, even if this was not relevant in the design verification.
The routine verification contains the individual verification, the test
specification, the test result, the name of the person performing
the test, and the documentation date.
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8.) Dielectric properties
Dielectric properties must be tested for a duration of at least 1
second on all circuits in a switchgear and controlgear assembly,
except circuits that are suitable for a lower test voltage. These
should then be tested separately with the test voltage applicable
to them. Auxiliary circuits that are protected with short-circuit pro-
tective gear up to 16 A or which have already undergone electrical
operation testing at the rated operating voltage need not be addi-
tionally tested. Alternatively, in systems with a protective device in
the infeed up to max. 250 A, insulation resistance may be verified
with a test voltage of at least 500 V DC. In this case, the insulation
resistance per circuit should be at least 17000 Ohm/V.
The routine verification contains the individual verification, the test
specification, the test result, the name of the person performing
the test, and the documentation date.

9.) Wiring, operational performance and function
Verify that the rating data of the switchgear and controlgear
assembly is complete. A functional test should also be carried out.
The amount of work involved and the number of tests depends
on the complexity of the switchgear and controlgear assembly.
Verification of function can also be carried out in situation after the
switchgear and controlgear assembly has been installed.
The routine verification contains the individual verification, the test
specification, the test result, the name of the person performing
the test, and the documentation date.
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The following example of a routine verification lists the required
verifications in tabular form.

L Test T Tested
Description . . et Date
speci cation result | by
Verification pursuant to 11.2 Degree of protec- P P
tion of enclosures (visual inspection only). - -
Verification pursuant to 11.3 Clearances and Clearance:
creepage distances. Physical measurement >=__mm
or impulse voltage withstand test in conformity | Creepage distance:
with 10.9.3. >=__mm

Verification pursuant to 11.4 Protection against
electric shock and integrity of protective ok
circuits. Visual inspection of measures.

Verification pursuant to 11.5 Incorporation of
built-in components. Verify compliance of com- ok
ponents with the manufacturing documents.

Verification pursuant to 11.6 Internal electrical
circuits. Check the connections and conduc- ok
tors on a random sample basis.

Verification pursuant to 11.7 Terminals for ex-
ternal conductors. Check external conductors ok
against the manufacturing documents.

Verification pursuant to 11.8 Mechanical
operation. Test mechanical functions on the

switchgear and controlgear assembly in con- ok
formity with 10.9.3.
Verification pursuant to 11.9 Dielectric proper- KV

ties. Test in accordance with 10.9.2.

Verification pursuant to 11.10 Wiring, operational
performance and function. Completeness
of information and markings plus functional ok
testing, where applicable additional test record
of functional testing.
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IX. Complete veri cation of a switchgear and controlgear
assembly

Complete verification is comprised of an assembly cover sheet, the
design verification and the routine verification. The assembly cover
sheet comprises the rating data and usage conditions of the respect-
ive switchgear and controlgear assembly.

For each individual verification, the design verification should include
the chosen verification method, the verification criterion, and the test
report number or number of another report or the calculation. This
document should be submitted together with the routine verification
and the other documentation. There is no need to include the detailed
test reports or calculations. These may only be inspected by a super-
visory authority. All documents must be kept for a minimum of 10 years
from the date of the switchgear or controlgear assembly's entry into
circulation.

The declaration of conformity (which must be prepared if the assem-
bly is intended for use within the European Economic Area) does not
constitute part of the assembly documentation. This is to be prepared
by the manufacturer, but can only be requested by a supervisory
authority.

D ENCLOSURES POWER DISTRIBUTION CLIMATE CONTROL

78



IT INFRASTRUCTURE SOFTWARE & SERVICES



X. Assembly cover sheet and design veri cation form

Design veri- | [J DIN EN 61439 [ IEC 61439 Date
cation to

Part 1 - General requirements Design verifi-
[ Part 2 - Power switchgear and controlgear assembly | Cation number
[ Part 3 - Distribution enclosures up to 250 A
[ Part 4 - Construction power distributors
[ Part 5 - Cable distributor enclosure
[ Part 6 - Bar distributors
O part7- Special areas, e.g. marinas

Manufacturer of switchgear
and controlgear assembly

Address:

Postcode, town:

E-mail:

Description of switchgear
and controlgear assembly

Rated voltage U,

Rated operating voltage of circuits U,

Rated insulation voltage U,

Rated impulse withstand voltage UEE kv
Rated current of assembly | , A
Rated current of busbar system | _, .. A
Rated surge current withstand strength of kA
assembly |,

Rated short-time withstand current of kA sec.
assembly I,

Conditional rated short-circuit current of kA
assembly I

Rated diversity factor of assembly RDF

Rated frequency f, ‘ Hz ‘
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O TN-C [0 TN-S [J TN-C-S
Network type
0T aTT [ Other
Protection against electric shock
: . through insula- Cover or Total
B tect X N i . .
asic protection 0 ting materials 0 housing 0 insulation
Fault protection Dthrqughautomanc Electrlcgl _Total )
switch off separation insulation
O 1P xx O p2x [ 1P ax
Protection
category IP Owpra [J 1P 54 [JIpss5
P65 O 1p 66 Owp..
Protection
category IK 0 1K 09 0K 10 OK..
Fixed O Insert Fully
Type of assembl . ) -
P Y installation technology o withdrawable
Siting area [ Indoors [J Outdoors
Siting type [J stationary [J Mobile
[ Qualified Instructed
Usage by electrician individual U Layperson
Type of short- o
circuit protective Cireuit- O Fuse O other:
device breaker
Overall Width mm | Height mm | Depth mm
dimensions
Total mass kg
EMC classification | [] Environment A | [] Environment B
Level of O1 02 s

contamination

Special operating
conditions

=il
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Sample design veri cation

Design veri cation

to IEC 61439__

Manufacturer

Typelidentification number

Section

Veri cation description

Criterion

Severity _ for

10.2.2 Resistance to corrosion
10.2.3.1 Thermal stability of enclosures 70°Cfora c_iuratlon of 168 h with
a recovery time of 96 h
960 °C for parts necessary to re-
tain current-carrying conductors
Resistance of insulating materials | in position;
10.2.3.2 to abnormal heat and fire due to | 850 °C for enclosures intended
internal electrical effects for mounting in hollow
walls;
650 °C for all other parts
102.4 Re;lst_ance to ultra-violet (UV)
radiation
1025 Lifting Test runlW|th the maximum
mechanical load
10.2.6 Mechanical impact IK —
10.2.7 Markings
10.3 Protection category of enclosures | IP _—
104 Clearances —mmforU, kv
’ — mm for U, _V, VSG 3,
10.4 Creepage distances WSG Illa
Continuity of the connection
between exposed conductive
1052 parts in the assembly and the <0.10hm
protective circuits
105.3 Short-circuit withstand strength

of the protective circuit
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Date

Created by Design verification number

Veri cation method Product Report no.

Testing

Testing

Testing

Testing

Testing

Testing

Testing
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Design veri cation to IEC 61439__

Manufacturer Typelidentification number

Section Veri cation description Criterion

Compliance with the structural
requirement in section 8.5 for

the incorporation of switching
devices and components and the
response requirements for EMC.

Incorporation of switching

106 devices and components

Compliance with the structural
Internal electrical circuits requirement in section 8.6 for
and connections internal electrical circuits and
connections

10.7

. Compliance with the structural
Terminals for external h X )
10.8 requirement in section 8.8 for
conductors )
terminals for external conductors

Main circuits
(Table 8, IEC 61439-1)

__VAC/_VDCfor _V <,
Power-frequency <_V

1092 withstand voltage
Auxiliary circuits
(Table 9, IEC 61439-1)
_VAC/_VDCfor —_V

10.9.3 Impulse withstand voltage U1.2/50° —kVforU, - kv
Verification by

10.10 Temperature-rise limits
InA =— A

10.11 Short-circuit withstand strength

10.12 E'“"“T‘"’.‘Q"E“C Ambient condition

’ compatibility (EMC) -
10.13 Mechanical operation
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Date
Created by Design verification number
Veri cation method Product Report no.

Assessment via
inspection

Assessment via
inspection

Assessment via
inspection

Testing
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